The combination of pyridyl ligands and square-planar Pd(II) or Pt(II) cations has proven to be a very reliable recipe for the realization of supramolecular self-assemblies. This tutorial review deals with the design, synthesis and host-guest chemistry of discrete coordination cages built according to this strategy.
Introduction
The metal-mediated self-assembly of organic ligands into discrete nanoscopic objects 1 such as rings, helicates, cages and capsules 2 as well as knots and links 3 has afforded a large number of amazing structures over the last few decades. Some of these assemblies were only synthesised due to their aesthetic appeal or in order to demonstrate the capabilities of rational design in supramolecular chemistry. Other structures were prepared with the aim of encapsulating certain guest compounds with high selectivity, often motivated by the search for new receptors, sensors and molecular transporters. 4 Also the stabilization of reactive compounds 5 was shown to be feasible inside self-assembled cages. Moreover, the number of chemical reactions carried out inside the confined environments of such artificial nanoscopic cavities is steadily increasing.
Nevertheless, the field of these ''molecular flasks'' is still in its infancy. Mentionable examples include the rate enhancement of Diels-Alder reactions in Rebek's organic capsules, cycloadditions with unusual regioselectivities in Fujita's octahedral cage and Nazarov cyclisations inside Raymond's anionic Ga 4 -tetrahedron. 6 Other fields in which self-assembled coordination architectures are playing a role include molecular machinery 7 and membrane-spanning channels. 8 Most of the cages reported to date have very high symmetries, often resembling the Platonic or Archimedean solids in shape. A recent development is the rational design of cage structures of lower symmetry. This can be achieved by using more than one kind of metal centre, e.g. in heterobimetallic assemblies. 9 Also, a controlled arrangement of different ligands around the metal centres can be realized, when a heteroleptic coordination environment is favoured due to electronic 10 or steric constraints. 11 Alternatively, rational ligand design can offer the possibility to generate a single cage architecture of reduced symmetry comprising several non-equal coordination environments. This has been even shown in systems comprising only one kind of metal cation and one type of donor site. Examples include the square-cuboid box reported by Clever and coworkers 12 and Fujita's [M 18 L 24 ] stellated cuboctahedron. 13 Besides all design efforts invested in the construction of such self-assembled cages it is fair to say, however, that more than just a few of these structures were the products of serendipity. This was also the case for some of the structures discussed in this review. In particular, the self-assemblies showing a complex topology such as those with interwoven ligands or catenated subunits were quite often obtained by chance. Exceptions include Stoddart's Borromean Rings 14 and
Leigh's pentafoil knot 15 which were the products of a rational design approach. The main part of this review deals with cage structures containing a rather low number of metal centres (nuclearity, n = 2-4), in which all four coordination sites of the squareplanar metal centres are occupied by pyridine-based bridging ligands. The bis-monodentate ligands have a concave shape resembling a banana. They can adopt conformations in which the bonding vectors of the two pyridyl donors are collinear. Furthermore, only structures in which pairs of metal centres share at least two bridging ligands are addressed ( Fig. 1a-e) . In this sense, the family of giant spheres [Pd n L 2n ] composed of 6, 12 or 24 Pd(II) centres and bis-pyridyl ligands having a wide angle between their nitrogen donors will not be treated. The interested reader is referred to a recent review by Fujita and coworkers. 16 Likewise, self-assemblies containing cis-blocked square-planar Pd(II) centres that allow for the binding of two further ligands are only touched at the periphery. 17 A further recent development in the area of coordination cages is the implementation of functionality other than the shape-forming structure into the ligand backbones. In particular, redox-active or photoswitchable ligands are currently studied as integral components of cage assemblies resulting in compounds that can undergo multi-electron reductions/ oxidations or light-triggered structural changes, respectively. Fig. 1f -k schematically compares some ligand designs. Apart from their structural role, the ligands may carry exterior (Fig. 1f) or endohedral (Fig. 1g) substituents, inward pointing hydrogen-bond donors (Fig. 1h) , sterically demanding backbones (Fig. 1i) , redox activity ( Fig. 1j ) and light-switchable functionalities (Fig. 1k) .
This tutorial review will not only provide information about the design and preparation of a selection of coordination cages but it will also give some examples of informative host-guest complexes. In particular, the implication of dynamic features and ligandcentred functions on guest encapsulation processes is covered. A focus is set on the binding of anions 18 and strategies to control the cavity size and shape. Where appropriate (stacked guest assemblies and interpenetrated double-cages), related structures are also discussed, even when the cages they are composed of do not contain banana-shaped bis-monodentate ligands.
Assembly principles
Most of the structures discussed in this review are formed by following a few rules. As depicted in Fig. 1 , the ligands have a concave, banana-like shape with two pyridyl donors at their ends. Most of the structures are composed of aromatic rings connected either directly via single bonds, through linear alkyne struts or via flexible sp 3 or amide linkers. To allow for the formation of the rather small architectures that are shown in Fig. 1a -e, the bonding vectors of the two donor atoms must be able to point in a common direction. acetone, DMSO or even water. The cationic reaction products are generally better soluble in these solvents than the ligands. Depending on the ligand length, bending angle, other structural features as well as the solvent, metal source and counter anion, a variety of discrete structures may be formed. The assemblies shown in Fig. 1 25 A combination of the ligand 1,3-bis(3-pyridylphenyl)benzene and the salt Pd(NO 3 ) 2 was used to form the cage in DMSO. Since no strongly coordinating halides were introduced with the metal precursor, the addition of a silver(I) salt was not required. The X-ray structure revealed that one of the nitrate anions is encapsulated inside the cavity by ionic interactions.
Puddephatt and co-workers reported a [Pd 2 L 4 ] cage that was formed by combining a bis(amidopyridyl) ligand with Pd(CF 3 COO) 2 in a CH 2 Cl 2 -DMF solution. 26 Since the eight amide bonds (two per ligand) comprising the cage scaffold were found to be able to adopt different conformations, the self-assembled structure is highly flexible. In its different conformations, the cage was shown to encapsulate neutral molecules, cations or anions and thus termed an ''amphitopic'' receptor. Using click chemistry, Crowley and co-workers 27 have synthesized a number of bis-monodentate ligands (for example 5 as shown in Fig. 2e (Fig. 2f) . 28 The N,N 0 -bis-(3-pyridylformyl)piperazine ligand 6 can adopt two different conformers (syn and anti) in solution. Reaction of 6 with Pd(NO 3 ) 2 in acetonitrile leads to the formation of a dinuclear cage [Pd 2 6 4 ] 4+ in which all four ligands were shown to exist in the anti conformation by X-ray analysis. One nitrate anion was found to be encapsulated inside the cavity.
Meanwhile Hooley and co-workers have created a selfassembled ''paddle-wheel'' [Pd 2 L 4 ] cage, which forms upon addition of Pd(II) ions to a solution of a simple 1,3-bis-(3-pyridylethynyl)benzene ligand. 29 The uptake and binding affinity of a series of neutral aromatic nitriles were described with respect to their size and electronic complementarity. Yoshizawa and co-workers reported the preparation of a [Pd 2 7 4 ] 4+ molecular capsule from four bis-anthracene ligands 7 and two Pd(II) ions (Fig. 2g) . 30 The resulting architecture encloses a large hydrophobic cavity. The ability to encapsulate compact guests such as [2,2]paracyclophane through hydrophobic interactions was shown. Furthermore, C 60 was selectively recognized due to its complementary size and shape from a mixture of fullerenes. Shionoya and Clever reported the synthesis of [M 2 L 4 ] cages (M = Pd(II) or Pt(II)) from rigid concave ligands 8a based on an annelated norbornene backbone that was obtained by a series of cycloaddition reactions (Fig. 3a) . 31 The ribbon-shaped backbone does not contain any rotatable bonds except for the attachment sites of the pyridine donors, which is a quite unique structural feature among the ligands used in such self-assemblies.
The globular structure of cage [Pd 2 8a 4 ] 4+ was revealed by an X-ray structure. It is maintained in solution as evidenced by a diffusion ordered spectroscopy (DOSY) NMR experiment. The two Pd(II) cations are spaced 1.7 nm apart and act as electrostatic anchors for the quantitative encapsulation of a series of bis-anionic guest compounds. The encapsulation was monitored by 1 H NMR titrations, DOSY experiments, ESI mass spectrometry and -in the case of a redox-active guest based on ferrocene -cyclic voltammetry. 31 By using carefully selected aromatic bis-sulfonate anions of different size (with regard to their S-S distance), it was shown that the relative binding affinity is a function of the length match between the anionic guests and the separated cationic sites of the cage (Fig. 3b ). Longer bis-sulfonates were found to replace shorter ones from the inside of the cage in competition experiments. This effect was observed, however, only up to an optimal length (reached with the guest 2,6-naphthyl bis-sulfonate) and longer guests (such as 4,4 0 -bipyridyl bis-sulfonate) were found to be too large to be encapsulated. Interestingly, the addition of such oversized guests to the cage resulted in the precipitation of an insoluble salt composed of the cages joined by the bis-anions via the outer sites of the Pd(pyridine) 4 -planes. The same effect was observed when a solution of host-guest complexes (''full cages'') was treated with excess amounts of a bis-anionic guest. In the latter case, however, the size of the guest was not a determining factor. Both observations formed the basis for experiments with the light-switchable guest 4,4 0 -azobenzene bis-sulfonate (Fig. 4a) . 33 Whereas the cis-isomer was found to be perfectly accommodated inside the cavity, the trans-isomer is too large and thus mediates the aggregation of the cages through ionic interactions via their outer sides. The use of a highly soluble PEGylated cage derivative allowed for the NMR monitoring of this process by alternating irradiation with UV light (365 nm, generating the cisisomer) and white light (producing the trans-isomer). The situation became even more interesting when the soluble host-guest complex of the unsubstituted cage derivative [Pd 2 8a 4 ] 4+ including the cis-isomer was subjected to irradiation with white light (Fig. 4b) . The resulting aggregates of the cage with the released trans-isomer of the guest happened to have such a low solubility that single crystals separated from the sample within 20 minutes after the onset of the irradiation. An X-ray structure analysis revealed that the expelled trans-isomeric guests have linked the cages into chain-like assemblies {[cage][guest]} n by ionic interactions. The chains are aligned in parallel and further cross-linked by additional bis-sulfonate guests (Fig. 4c) . In a following work, the mechanism of guest exchange was studied based on four (pseudo)rotaxanes prepared from the isostructural Pd(II) or Pt(II) centred cages and two rod-like bissulfonate threads with small and large stoppers, respectively (see Fig. 5a for a model of the small stoppered derivative). 34 By a combination of NMR spectroscopic and mass spectrometric experiments it was shown that the small stoppered thread slips into the cage within seconds, regardless of the kind of metal in the cage structure. In contrast, the uptake of the large stoppered thread was found to be not only much slower per se but also dependent on the kind of metal composing the cage. With the Pd(II) cage, uptake was complete within 90 min at room temperature. Uptake into the Pt(II) cage, however, required heating the sample to 80 1C for several days. This indicates a change of the rotaxanation mechanism from slipping to clipping in the case of the large-stoppered guest as the ligand exchange kinetics around the cage's metal centres become the determining factor. can be quantitatively encapsulated inside the cage as evidenced by 1 H NMR titrations and ESI mass spectrometry (Fig. 5b) . 35 Comparable to the aforementioned observations, the addition of excess amounts of the polyoxometallate guest led to the formation of a precipitate. A surprising result was obtained when this microcrystalline solid was heated and subjected to slow evaporation in acetonitrile. The X-ray structure analysis of the formed single crystals indicated a breakdown of the initial host-guest complex furnishing a structure in which three ligands 8a are wrapped around one hexamolybdate dianion in a chiral, cyclic arrangement in the absence of any Pd(II) ions (Fig. 5c ). To compensate for the charge of the anionic guest, two pyridine sites are protonated. The self-assembly of the three guests inside the cavity proceeds with positive cooperativity, as evidenced by NMR titrations and ESI mass spectrometric measurements. Furthermore, the single-crystal X-ray data revealed that all five involved platinum centres are linearly aligned along the cage's fourfold axis (Fig. 6a) . Owing to the substantial size of the pyridine donor sites, the observed Pt-Pt distances within the Pt 5 -array were found to lie between 3.81 Å and 4.15 Å, thus significantly exceeding the sum of the van der Waals radii of two Pt(II) ions (3.50 Å) as well as the Pt-Pt distances found in Magnus' Green salt (3.25 Å). Consequently, no UV-Vis spectroscopic indications of direct orbital interactions between the linearly aligned Pt-centres were found in the described system. In a separate study, Crowley and co-workers reported a molecular cage [Pd 2 9 4 ] 4+ based on four tripyridyl ligands 9
and two Pd(II) ions, in which two neutral molecules of the anticancer drug cisplatin were encapsulated in an aqueous environment (Fig. 6b) . 37 In contrast to the previous example, the guest dimer does not form a linear stack together with the cage's [Pd(pyridine-ligand) 4 ] 2+ sites. Instead, the line through its Pt-centres is inclined by 62.51 with respect to the cage's fourfold Pd 2 -axis. The reason for this difference can be explained by the dissimilarity of the interactions that are responsible for the guest uptake: alternating electrostatic attractions in the former example as opposed to a combination of hydrophobic effects and hydrogen bonds between the amines of the cisplatin molecules and the central, non-metal-bound pyridyl moieties in the latter case. The cage itself shows a stimuli-responsive behaviour and can be reversibly disassembled/reassembled upon the addition/removal of suitable competing ligands. This feature of controlled release of a molecular cargo promises to play a role in future medical applications. A number of further examples of coordination cage based metal stacks are worth to be mentioned in this context, although their ligand and/or cage structures deviate from the main topic of this article. Fujita and co-workers have reported a set of trigonal prisms synthesized by the combination of a cis-capped Pd(II) acceptor, a planar tripyridyl-triazine donor (10) , and a linear bipyridyl pillar (11a or 11b) in a 6 : 2 : 3 molar ratio (Fig. 7) . The size of the hydrophobic cavity of the cage can be adjusted by altering the length of the pillar ligands. The prisms with larger cavities were able to encapsulate some neutral flat metal complexes in pairs or triples, presumably by a combination of hydrophobic effects, p-stacking contacts between their ligand moieties and d-d orbital interactions between their metal centres. 38 by EPR analysis of the corresponding host-guest complex. The ferromagnetic coupling (as confirmed by observing the Dm s = 2 transition of the triplet state) between the two Cu(II) centres was attributed to the twisted orientation of the two stacked Cu(II) complexes relative to each other. In a related study, the same group demonstrated that up to three stacked trinuclear pyrazolato-bridged Au(I) clusters can be incorporated inside a series of structurally related prismatic cages (e.g. [Pd 6 10 2 11b 3 ] depicted in Fig. 7) . 40 The cage height thereby controls the number of stacked structures in the encapsulated array. Intermolecular aurophilic interactions were observed in the X-ray structures of the assemblies. The intermolecular Au-Au distances of 3.23 Å are significantly shorter than the sum of the van der Waals radii (3.60 Å). In summary, this approach allows for the precise 3D arrangement of metal centres with possible applications in the fields of catalysis, tuneable redox systems and luminescent materials.
Assemblies with M 3 L 6 and M 4 L 8 stoichiometry
The combination of two metal ions with four banana-shaped ligands is a straightforward way to produce cage compounds [M 2 L 4 ], representing the smallest possible architectures with a defined inner cavity. Under certain circumstances, however, these assemblies can be thermodynamically disfavoured and coordination compounds with a higher nuclearity and a more complex topology are formed instead. Important members of the latter category include entanglements, knots, and catenated structures.
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A general approach towards the design of coordination cages with such unusual geometries does not exist. A desired topology can often be influenced, however, by a careful ligand design, the coordination environment of the metal ions, solvent effects as well as the presence of templating molecules and counter ions. The most important features of the ligand design include the number and kind of the donor functionalities, the angle between the donor sites, the flexibility and steric demand of the backbone structure. Furthermore, the presence of functional groups and sites for non-covalent interactions can be determining for the outcome of the self-assembly. Solvent molecules and counter anions may influence the topology due to their size, dipole moment or charge. Most often they act as templates and define the size and nature of the cavity.
Two examples from the recent literature illustrate the different contributions, which are able to direct the shape of a supramolecular assembly. In a system reported by Fujita and co-workers, 41 the self-assembly of ligand 12 with Pd(II) cations was found to either yield tubular trigonal or tetragonal prismatic coordination cages ( Fig. 8a and b) . This also holds true for the outcome of the self-assembly of another bidentate pyridine-based ligand 8c with palladium cations. 42 Ligand 8c is a slightly altered version of ligand 8a, which was already described above in detail. In order to increase the cavity size with respect to cage [Pd 2 8a 4 ] 4+ , the two isomeric ligands 8b and 8c were synthesized carrying 1,3-or 1,4-phenylene spacers, respectively, between the backbone and the pyridyl donors (Fig. 9) View Article Online which in turn led to the identification of the correct topology (Fig. 10 ).
As seen in Fig. 10 the cage is composed of two hemispheres, held together by the three metal ions. Each half resembles a trefoil knot. Although the ligand backbone is locked in the banana-shaped geometry, the pyridine and phenylene units exhibit a degree of freedom for rotation. Thus, a fourfold cage symmetry as in [Pd 2 8a 4 ] 4+ is theoretically possible, but thermodynamically disfavoured, most probably due to attractive interactions within the intertwined double-trefoil knot structure. ). Each of the two trefoil-knotted substructures is chiral, therefore two combinations for the hemispheres of the cage are possible. One combination leads to a racemic mixture of a chiral cage, the second leads to an achiral meso-cage possessing a mirror plane defined by the three metal cations. The latter case was confirmed to be the most probable structure with the help of an encapsulation experiment using chiral camphorsulfonates as guest molecules.
Interpenetrated double-cages
A special case of molecular entanglement is interpenetration, where two or more discrete species are interlocked without direct bonding connections between each other. In the field of discrete 3-dimensional coordination cages, the first example was reported in 1999 by the group of Fujita. 43 They showed that a combination of two different tridentate ligands with three cisblocked square-planar metal cations (Pd(II) or Pt(II)) yields interlocked dimers of coordination cages (Fig. 11) . Ligand 10 is planar and rigid, whereas ligand 13 has flexible methylene bridges. Constrained by the cis-capped metal centres, this restricts the outcome of the assembly to the formation of individual cages containing both ligands with the formula [M 3 (10)(13)] 6+ (M = Pd(II) and Pt(II)). The driving force for the interpenetration leading to [M 6 10 2 13 2 ] 12+ is the attractive p-p stacking between the planar, aromatic ligand backbones. In addition, an entropic contribution arises as a consequence of the interpenetration: in contrast to the solvent filled cavity of the single cage, the interpenetrated cage assembly shows no cavity due to the dense packing. During the self-assembly process, cavity-confined molecules are released, giving rise to a favourable increase in entropy. In 2008 Hardie reported another type of dimeric interpenetrated coordination cage. 44 Whereas the aforementioned cage [M 6 10 2 13 2 ] 12+ is composed of two different ligands, each of Hardie's systems contains only one type of ligand. In the case of [M 6 14 4 (NO 3 ) 6 ] 6+ (M = Zn(II) or Co(II)) the ligand is composed of a bowl-shaped cyclotriveratrylene (Fig. 12) . The conical geometry of the central macrocycle preorganises the attached 2,2 0 -bipyridine units on the same side, thus promoting the formation of a discrete self-assembly. Two of these ligands form a trigonal bipyramidal cage together with Zn(II) or Co(II) ions (one nitrate anion fills the remaining two coordination sites of each metal cation) and two of these cages dimerise to give the interpenetrated structure. The bowl-shape of the ligands gives rise to a cavity (V = 240 Å 3 ), which has three openings to the outside. The interpenetration does not occur due to p-p stacking, as the distance between the aromatic units is too large (d = 4.77 Å). Instead, two kinds of weak hydrogen bonding interactions hold the two individual cages in place.
In both previous examples the involved metal ions are located in two parallel planes perpendicular to the axis of highest symmetry (C 3 ). Within the interpenetrated cage dimer [Pd 4 15 8 ] 8+ reported by Kuroda and co-workers the metal ions are all located on one single fourfold axis (C 4 ) instead (Fig. 13) . 45 This mode of interpenetration leads to the formation of three separate cavities, possibly occupied by counter anions or solvent molecules although none could be resolved in the crystal structure. As compared to the previous example, this arrangement of the metal ions leads to distinct differences in the properties of the cavities: within [M 6 14 4 (NO 3 ) 6 ] 6+ the octahedrally coordinated metal ions are shielded from the cavity by the organic parts of the donor sites. , however, the square-planar coordinated metal ions are part of the atoms directly lining the cavity. The exposed positive charges facilitate the incorporation of anionic guests, which is indeed observed in these systems.
The binding of anions inside the pockets of [Pd 4 L 8 ] assemblies was studied in great detail by Clever et al. on a series of structurally related interpenetrated coordination cages. First, three closely related structures based on the redox-active heterocycle phenothiazine will be discussed (Fig. 14) . 46 The ligands feature a sulphur atom at their concave side which is either not carrying any substituents (16a) or one (16b; sulfoxide) or two (16c; sulfone) oxygen attachments. was first obtained as the oxidation product of crystals of the (Fig. 14) .
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From the structures, the Pd-Pd distances as well as the cavity sizes were obtained. Since all three cages bind halide anions (in particular chloride and bromide) with high but slightly different affinities in their outer two pockets, a correlation of their structural features with the relative anion binding strengths and selectivities was assumed. It turned out that the non-oxygenated cage, featuring the largest pockets, binds the halides weaker than the oxygenated variants, which showed comparable affinities. All cages bind chloride stronger than bromide, an observation that was also supported by theoretical calculations. 47 An even stronger binder for halide anions was realized by the Clever group on the basis of a dibenzosuberone backbone containing a 7-membered ring carrying an endohedrally oriented carbonyl group ([Pd 4 17 8 ] 8+ , Fig. 15a ). 48 As for the phenothiazine cages, halide binding was found to proceed with strong positive cooperativity according to an allosteric mechanism, thus accompanied by a structural change. In particular chloride was bound with such a high affinity (K net E 10 20 M À2 )
that solid AgCl could be dissolved by the cage in acetonitrile. 49 A diffusion ordered spectroscopy (DOSY) NMR experiment clearly showed that the double-cage species undergoes a significant shrinking upon chloride binding. A deeper investigation based on NOESY NMR experiments and electronic structure calculations revealed that this reduction in size is caused by a compression of the cigar-shaped structure along the Pd 4 -axis by 3.3% accompanied by a relative rotation of the monomeric subunits by 81 (Fig. 15b ). This said, the halidebinding induced movement resembles a screw motion which is no surprise regarding the cage's helical conformation. One and two-dimensional 19 F NMR spectroscopic methods were deployed in order to study the dynamics of the tetrafluoroborate anions in the three pockets of the double-cage. The BF 4 À anions in the outer pockets were found to be in fast exchange with the anions in the free solution and this effect shows a strong solvent dependence. 49 In contrast, the templating BF 4 À anion in the central pocket is locked in place due to the densely packed ligand surrounding. The compression of the doublecage structure upon replacement of the outer BF 4 À anions with chloride, however, leads to an increase in the size of the central cavity, which was observed to affect the nuclear spin relaxation kinetics of the encapsulated anion. 49 The system was further modified by subjecting the carbonyl group of the dibenzosuberone backbone to the addition of various aromatic substituents by a Grignard reaction. 50 The resulting ligand derivative carrying an anisyl substituent is shown in Fig. 16 
Light-switchable cages
Over the past decades much attention has been devoted to molecular switching processes triggered by external stimuli such as irradiation with light. 51 Light is considered as an ideal stimulus because of the ease of controlling irradiation time and location, precise regulation of the wavelength and the tuneable intensity. Molecular photoswitches were introduced into supramolecular structures such as host-guest systems early on. For example, Ueno described in 1979 the combination of an azobenzene-bridged b-cyclodextrin whose guest binding ability is modulated by photoisomerization of the NQN double bond. 52 Fujita and co-workers attached multiple azobenzenes to the concave side of a spherical cage, thereby enabling to switch the interior's hydrophobicity by a reversible photoisomerization. 53 Recently photoisomer. Furthermore, irradiation of the host-guest complexes allowed the light-controlled uptake and release of the guest compound. This effect might find application in supramolecular catalysis, drug delivery (for example in boron neutron-capture therapy) and molecular machinery.
Conclusion and outlook
The self-assembly of coordination cages has emerged into a vibrant area within the field of supramolecular chemistry. Beyond aesthetic appeal, functions associated with the nanoscopic cavities inside the cages promise to find applications in molecular diagnostics, separation techniques, catalysis and material science. Various strategies for gaining control over the size, shape, structural flexibility and topology of the cages are currently under development. Among the plethora of architectural principles and coordination environments that have been used to generate discrete coordination cages and capsules, this review has mainly focused on the combination of concave (''banana-shaped'') bis-monodentate pyridyl ligands and square-planar d 8 affinities and selectivities, depending on the size and shape of their cavities. On the other hand, water-soluble self-assemblies may be able to bind uncharged molecules by hydrogen bonding or p-stacking interactions, assisted by hydrophobic effects. Of particular interest are phenomena of coencapsulation, which enable guest-guest interactions. These are of importance in the fields of molecular magnetism and reactions inside confined cavities. The anionic guests occupying the three pockets of the interpenetrated cages [Pd 4 L 8 ] 8+ were shown to communicate via a structural relay mechanism involving a relative movement of the two monomeric cage fragments along the Pd 4 -axis. As a result, the anion binding in the outer pockets proceeds with positive cooperativity and its selectivity is controlled by the size of the template in the central pocket.
The implementation of ligand-centred functions such as redox activity and photoswitchability opens opportunities for the use of self-assembled coordination cages in stimuliresponsive receptors, molecular transporters and smart materials. In future, the combination of the discussed subtopics (rational design of structure and topology, host-guest chemistry and implementation of functionalities) promises to lead to increasingly complex supramolecules with applications in molecular machinery and artificial enzyme mimicry.
